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Objectives: to evaluate the sensitivity and specificity of magnetic resonance imaging (MRI) in the detection of type II
endoleaks during follow-up after endovascular treatment of intra-renal aortic aneurysms.
Design: prospective study.
Material and methods: between March 1996 and November 1999, 31 patients with infra-renal aortic aneurysms who
underwent stentgraft implantation were followed with helical CT and MRI, including magnetic resonance angiography
(MRA), at 1 and 6 months after the procedure. Arteriography was performed between 6 and 12 months after intervention.
The parameters studied included the change in the maximum anteroposterior and transverse diameters, the nature of the
signal on T1 and T2 weighted sequences (homogeneous vs heterogeneous), the presence or absence of Gadolinium uptake
on MRI or of contrast uptake on helical CT (early and late phases) in the sac of the aneurysm. On MRA, stentgraft
patency and endoleak detection were studied.
Results: arteriography demonstrated an endoleak in 19 patients (18 type II, and 1 type I endoleak). MRI at 6 months
detected 18/19 endoleaks on T1 weighted sequences after injection of Gadoliniumj; there were 2 false positives. MRA
sequences confirmed stentgraft patency in all patients, but did not diagnose type II endoleaks. Helical CT (late phase) at
6 months detected 10/19 endoleaks; there was 1 false positive. The sensitivity of MRI after injection of Gadolinium and
of helical CT for the detection of type II endoleaks were 94% and 50% (p=0.003) respectively. The mean maximal
anteroposterior and transverse diameters were similar on MRI and on helical CT at 1 month and at 6 months.
Conclusion: MRI after injection of Gadolinium is more sensitive than helical CT in the detection of type II endoleaks
after stentgraft implantation. Its more widespread use may permit earlier intervention in such patients.
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the lumbar arteries or from the inferior mesenteric
artery.4 This continuing perfusion of the aneurysmal
sac by type II endoleaks may predispose to aneurysm
INTRODUCTION rupture.5 The risk of rupture is even greater for type
I endoleaks which result from malapposition of the
Endovascular treatment of abdominal aortic an- proximal or distal components of the prosthesis. Clin-
eurysms (AAA) by stentgraft implantation has ical examination has limited value in the detection
emerged as a possible alternative to surgery in selected of these complications. Plain abdominal films allow
patients.1,2 Regular clinical and radiological follow-up evaluation of the gross morphology of the en-
is necessary to detect and treat a variety of recognised doprosthesis but provide no information regarding
early and late complications.3 Such complications in- the sac. The latter can be evaluated by echo-Doppler
clude endoleaks that perfuse the sac of the aneurysm, but the sensitivity of this examination in the detection
and mechanical deformation or migration of com- of endoleaks is limited.6
ponents of the endoprosthesis. The most frequent type Helical CT is currently widely used for endoleak
of endoleak (type II) results from continued perfusion detection. However, it has limitations; specifically false
of the aneurysmal sac by feeding vessels arising from negative results in patients with angiographically
documented type II endoleaks have been reported in
the literature.6 MRI techniques are currently being
Please address all correspondence to: S. Haulon, Chirurgie Vas-
evaluated and have the potential to become an al-culaire, Hoˆpital Cardiologique, CHRU de Lille, 59037 Lille Cedex,
France. ternative to helical CT for the detection of endoleaks.7
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The early detection of such leaks is potentially of major Japan). Anteroposterior and oblique projections
centered on the abdominal aorta and the iliac vessels,clinical importance given their propensity to favour
aneurysm rupture, and because effective treatment by with a long acquisition time, with additional selective
injections of the superior mesenteric artery and of theselective embolisation is now possible.
We report a prospective evaluation of MRI and MRA hypogastric artery on the side of the puncture site,
were performed. The puncture site was selected onin the detection of type II endoleaks.
the side of any suspected ilio-lumbar endoleak, either
on helical CT or MRI. When an inferior mesenteric
endoleak was suspected, access was obtained via theMaterials and Methods
right common femoral artery. Arteriography was con-
sidered the reference standard for the detection ofPatients
type II endoleaks. A type II endoleak was defined as
re-opacification of the sac of the aneurysm by vesselsBetween March 1996 and November 1999, 64 patients
arising from the lumbar arteries or from the inferiorunderwent elective endovascular treatment of infra-
mesenteric artery.renal aortic aneurysms in our institution. Due to our
limited access to the MRI scanner, shared with the
other departments in the hospital, we were only able
to strictly follow the planned prospective surveillance
(as detailed below) in 31 patients. This population Magnetic resonance imaging
comprised 30 men and 1 woman, with a mean age of
64 (range 47 to 77 years). The MRI examinations were performed on a 1.5 Tesla
Vision (Siemens, Erlanghen, Germany). A body coil
array was positioned on the abdomen. After three
dimensional assessment of the abdominal organs,Anatomic characteristics of the aneurysms
turbo-SE (TSE) T1 and T2 weighted images in axial
mode were performed to study the diameter of theThe baseline assessment comprised a helical CT of
aneurysm and the type of signal in the thrombus.the abdomen and pelvis, and arteriography of the
A three dimensional magnetic resonance angiogramabdominal aorta and the lower limbs, with a marked
(MRA) with injection of gadolinium was then per-catheter.
formed in coronal acquisition with axial reconstructionThe mean diameter of the proximal neck of the
(Multiplanar Reformation, MPR) and three di-aneurysm was 21±3 mm with a mean length of
mensional Maximum Intensity Projection (MIP) re-30±13 mm. The mean maximal transverse diameter
constructions. Finally, the turbo-SE weighted T1 waswas 49±6 mm. The mean maximal anteroposterior
repeated after gadolinium using the same parametersdiameter was 50±6 mm. Endovascular treatment was
as at baseline. The slice thickness was 1.6 or 2 mm,considered when the aneurysm fulfilled accepted mor-
the box was 93 or 120 mm, with a slice number of 58phological characteristics.8
or 60. The field of view was 450 FOV, with a matrix
of 155×256 (6/8), and a voxel size of 2.2×1.8 mm.
The dose of gadolinium was 20 ml, and the time
Stentgraft details between gadolinium injection and the second set of
T1 weighted images was 3 to 5 min.
In 25 cases, a Vanguard⊂ prosthesis (Boston Scientific) A type II endoleak was suspected when there was
was implanted, in four cases an AneurRx⊂ prosthesis contrast uptake in the aneurysmal sac remote from
(Medtronic), and in two cases a Talent⊂ prosthesis the site of the proximal and distal fixation points of
(Medtronic). All these endoprostheses are modular, the prosthesis on the TSE T1 weighted sequences post
bifurcated, and comprise a polyester (Dacron⊂) cov- gadolinium. It was also suspected when there was a
ering on a self-expandable nitinol stent. heterogeneous signal on the TSE T2 weighted baseline
sequences.
On TSE T1 weighted sequences post gadolinium,
measures of the enhancement at the level of the sus-Arteriography
pected endoleak, and in a region free from endoleak
in the aneurysm sac, were systematically performedArteriography was performed in a dedicated vascular
suite (Philips V3000, Best, Holland, or Toshiba, Tokyo, with dedicated software (Siemens).
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Helical CT
The CT scans were performed on a Somatom Plus 4A
(Siemens, Erlanghen, Germany) scanner. The protocol
described in the literature was employed.9 Briefly,
after a scout examination, a helical acquisition was
performed with a collimation of 5 mm, a tube rotation
of 800 ms and a coverage of 35 cm after injection of
140 ml of contrast (Omnipaque, Nycomed, France) at
3 ml/s. The time delay between injection in an arm
vein and the start of acquisition was determined by
dedicated software (Care bolus, Siemens). A late phase
spiral (1 min after the arterial phase) was performed
with 8 mm cuts over the entire length of the aneurysm.
The axial reconstructions were performed every 3 mm
for the arterial phase and every 5 mm for the late
phase. MIP and MPR were systematically performed.
A type II endoleak was suspected when there was
contrast uptake in the aneurysmal sac remote from
the site of the proximal and distal fixation points of
the prosthesis on early or late phase postinjection axial
Fig. 1. Selective arteriography of the superior mesenteric arteryreconstructions.
showing a type II endoleak (arrow) originating from the inferior
mesenteric artery.
Follow up Discrete variables were compared using chi-squared
tests. Aneurysm diameters were compared using
All 31 patients had helical CT and MRI examinations ANOVA. A value of p<0.05 was considered as stat-
at 1 and 6 months. Both exams were always performed istically significant.
on the same day. Arteriography was performed mean
2.6 (range 1 to 6) months after helical CT and MRI at
6 months. All patients included in our study were
Resultsalso included in a national multicentre trial in which
arteriography was scheduled systematically 12 months
Arteriographyafter the implantation of the stentgraft, or earlier in case
of suspected endoleak. This trial had ethical approval
An endoleak was detected in 19/31 patients (61%) onfrom our hospital ethics committee.
arteriography. In 12 patients (39%), there was a typeThe following parameters were determined:
II endoleak with feeding vessels originating from theFirst, measurements of the maximal transverse dia-
ilio-lumbar vessels. In six patients (19%), there was ameter and of the maximal anteroposterior diameter
type II endoleak with feeding vessels originating fromon helical CT and on MRI at 1 and 6 months. We
the inferior mesenteric artery (Fig. 1). The remainingconsidered a change in either of these variables to be
patient had a type I endoleak at the proximal necksignificant when it was greater than the inter-observer
of the aneurysm. On the initial aortography of thevariability (>2 mm).10
abdominal aorta, 1 type I endoleak was observedSecond, assessment of the CT scans and the MRI
just after contrast injection, and 5/12 (56%) type IIexaminations for the presence of suspected type II
endoleaks were observed after a long acquisition time.endoleaks.
The remaining 6 type II endoleaks were only observedTwo experienced radiologists read independently
after selective catheterisation.the helical CT scans. They were blinded to the results of
the other studies. Datas were collected by the surgeon
responsible for stentgraft follow up. MRI interpretation
was performed in a similar fashion by two other MRI
experienced radiologists.
Quantitative values are expressed as mean±s.d. At 1 month, a heterogeneous signal was demonstrated
on the T1 and the T2 weighted images on all (n=with maximum and minimal values in brackets.
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Fig. 2. Axial transverse cut of a T1 weighted turbo-SE sequence in MRI before (a), and after (b) Gadolinium injection, showing the presence
of enhancement in the aneurysm sac (arrow).
31) MRI scans. On the T1-weighted sequences after
gadolinium, contrast uptake was observed in 12
patients (39%). In 10 of these patients, gadolinium
uptake was also observed at 6 months. Arteriography
demonstrated endoleaks in nine of these 10 patients.
On the other hand, there was no evidence of an
endoleak on arteriography in the two patients in whom
gadolinium uptake was observed at 1 month but not
at 6 months.
At 6 months, a heterogeneous signal was observed
in 25 patients (81%) on the T1-weighted sequences.
Arteriography demonstrated endoleaks in 17 of these
25 patients (16 type II endoleaks and one type I en-
doleak). At 6 months, a heterogeneous signal was
observed in 28 patients (90%) on the TSE T2 weighted
Fig. 3. Axial transverse cut of a helical CT, late phase after contrast
sequences. Arteriography demonstrated an endoleak injection, showing the presence of contrast in the aneurysm sac
(arrow).in 19 of these 28 patients (18 type II endoleaks and
one type I endoleak). On MRA sequences, arterial
flow was always (n=31) studied on three dimensional weighted images after gadolinium. In this patient, anreconstructions; all the stent grafts were patent. There intense hypersignal on the baseline T1 images madewere no artefacts on MRI related to the nitinol stent, it difficult to evaluate the effect of gadolinium.but localised artefacts at the site of the stent markers
were consistently observed. One type I endoleak was
observed on MRA sequences but no type II endoleak.
Objective evidence of gadolinium uptake in the sac of Helical CT
the aneurysm (Fig. 2) was observed in 20 patients (65%)
on the TSE T1 weighted sequences after gadolinium At 1 month, an endoleak was suspected on the late
phase of helical CT in five (16%) patients. These fiveinjection. In these 20 patients (mean±s.d.), en-
hancement at the level of the suspected endoleak, and suspected endoleaks were again documented on hel-
ical CT at 6 months and were confirmed on ar-in a region free from endoleak, were respectively
1592±235 (range 1200 to 2000) and 626±226 (range teriography.
At 6 months, an endoleak was suspected on the late351 to 1000).
The enhancement at the level of the endoleak was phase of helical CT in 11 (36%) patients (Fig. 3). In
these 11 patients, MRI at 6 months showed gadoliniumstatistically significantly higher compared to the rest
of the sac. Arteriography confirmed 18 of these 20 uptake in association with a heterogeneous signal on
the T2 weighted sequences in 10 patients. Ar-endoleaks (17 type II endoleaks and one type I en-
doleak). There was one false negative on the TSE T1 teriography confirmed the presence of an endoleak in
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Table 1. Primary and secondary endoleaks detected by MRI and/ Table 3. Mean (±s.d.) Maximal transverse (MTD) and maximal
anteroposterior diameters (MAPD), in millimetres, on MRI andor CT scan, at 1 and 6 months.
on Helical CT.
MRI MRI+CT CT Total
MRI Helical CT
Primary endoleaks 7 (4) 5 (5) 0 12 (9)
Primary endoleaks (still 5 (4) 5 (5) 0 10 (9) MTD at 1 month 50±6 50±6
MTD at 6 months 43±7 44±7observed at 6 months)
Secondary endoleaks 5 (4) 5 (5) 1 (0) 11 (9) MAPD at 1 month 49±6 49±6
MAPD at 6 months 45±6 45±7
MRI: Endoleaks observed on mri alone (T1 weighted turbo-SE
sequences after Gadolinium injection).
CT: Endoleaks observed on helical CT alone (post contrast late
phase). Changes in maximal transverse diameter and in maximal
MRI+CT: Endoleaks observed on both exams.
anteroposterior diameterPrimary Endoleaks: Endoleaks detected at 1 month.
Secondary endoleaks: New endoleaks detected at 6 months.
MRI and helical CT mean maximal transverse and( ): Endoleaks confirmed by arteriography.
anteroposterior diameters were comparable at
1 month, and at 6 months. They are reported inTable 2. Comparison of Helical CT and MRI for the detection of
Type II endoleaks 6 months after stentgraft implantation. Table 3.
The maximal transverse diameter and/or the max-
T1 T2 T1G CT p imal anteroposterior diameter decreased in seven
Sensitivity 0.89 1 0.94 0.50 0.003 (39%) patients, and remained stable in the remaining
Specificity 0.33 0.25 0.83 0.92 N.S. 11 (61%) patients in whom a type II endoleak was
Positive predictive value 0.67 0.67 0.90 0.90 N.S. confirmed on arteriography. When MRI alone (T1Negative predictive value 0.67 1 0.91 0.55 0.041
weighted images after injection of gadolinium) sug-
T1: T1 weighted turbo-SE sequences. gested the presence of a type II endoleak (eight
T2: T2 weighted turbo-SE sequences. patients), there was a decrease in the maximal trans-T1G: T1 weighted turbo-SE sequences after Gadolinium injection.
CT: Post contrast helical CT. verse and/or anteroposterior diameter in five (63%)
p: p Value (chi-squared) comparing T1G and CT. patients. The maximal transverse and/or ante-
roposterior diameter decreased in 10/12 (83%) patients
who had no evidence of an endoleak on angiography,all 10 cases (nine type II, and one type I endoleak).
and remained stable in the remaining two patients.There was no evidence of an endoleak on arteriography
in the patient with a suspected endoleak on CT who
had neither gadolinium uptake nor a heterogeneous
signal on the T2 weighted images on MRI. Overall, Discussion
helical CT at 6 months had one false positive and nine
false negatives for the detection of type II endoleaks. The major finding of the present study was that MRI,
No type II endoleak, and one type I endoleak was specifically the post gadolinium TSE T1 weighted
observed on helical CT in the dynamic (early) phase. sequence, is significantly more sensitive than helical
CT for the detection of type II endoleaks, with a
specificity and positive predictive value comparable
to helical CT. These results support the assertion ofEndoleaks
Engellau et al.8 who suggested that MRI should be
considered the reference standard in the follow-up ofThe overall results of endoleaks detection by ar-
teriography, MRI, and Helical CT are reported in Table such patients.
In our study, arteriography confirmed in 90% of1. In summary, 12 primary endoleaks were observed
at 1 month, seven only on MRI, and five on both MRI cases suspected endoleaks observed on helical CT.
This is concordant with other studies reported in theand helical CT. At 6 months, 10/12 primary endoleaks
persisted. Secondary endoleaks were diagnosed at 6 literature that have demonstrated the value of helical
CT in this context.10 However, 50% of type II endoleaksmonths in 11 other patients, 5/11 only on MRI, 1/11
only on helical CT, and 5/11 on both exams. The were not detected on helical CT, whereas 94% were
detected on MRI. There were two false positives onsensitivity, specificity, positive predictive values, and
negative predictive values of MRI, and of helical CT MRI. These patients may have had a low grade leak,
as the presence of lumbar and inferior mesenteric(late phase), for the detection of type II endoleaks at
6 months, using arteriography as the reference stand- feeding vessels without contrast uptake in the an-
eurysmal sac was demonstrated on arteriography. Thisard are presented in Table 2.
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phenomenon has previously been described and has Hilfiker et al. showed that neither stent migration
nor heating of the stent was a potential problem withprompted the introduction of the concept of “en-
dotension”, namely the transmission of systemic ar- MRI.13 In their study, as in the present study, only
nitinol prostheses were studied and there were onlyterial pressure into the sac via feeder vessels without
significant perfusion of the sac.11 minimal artefacts at the site of the stent markers.
Stainless steel stents are unsuitable for MRI evaluation.The occurrence of such false-positives on MRI may
reflect the shortcomings of arteriography in this spe- Due to type IV endoleaks and to the ongoing throm-
bosis in the sac of the aneurysm, the diagnosis ofcific situation. Indeed, aortography alone dem-
onstrated the type II endoleaks in only 56% of the endoleaks on helical CT and even more so on MRI is
relatively difficult one month after the procedure. Thecases in our study; selective injections in the superior
mesenteric arteries and the lumbar vessels were re- diagnosis of a type II endoleak seemed difficult to
affirm with certainty, especially in view of the veryquired in the 44% other cases. It is possible that MRI
may be useful in other situations where low flow leaks marked hypersignal on the T1 weighted images. These
early endoleaks may disappear during follow-up;are suspected such as in type IV endoleaks (through the
porous Dacron⊂ sheath) or in some type III endoleaks however, in the present series 83% were still present
at six months on MRI, and 75% were confirmed on(fracture of the struts of the graft). This will require
further study. On the other hand, when high flow angiography.
Follow-up is both a constraint for the patients andleaks are suspected, such as type I endoleaks, helical
CT and MRI are likely to be comparable. MRA and time consuming. Indeed, it is sometimes difficult to
make such patients understand the potential severityhelical CT early phases diagnosed these high flow
leaks in our experience, but were unable to diagnose of their illness, especially since the intervention is
perceived as relatively less serious than surgery by thelow flow leaks.
MRI at 6 months demonstrated eight type II en- patients. Echo-Doppler provides measures of maximal
anteroposterior and transverse diameters comparabledoleaks that were not detected on helical CT. Again,
these were low grade leaks that were associated with to those obtained on helical CT and is undoubtedly
the best initial non invasive follow-up examination ina decrease in the maximal anteroposterior and/or
transverse diameter of the aneurysm in 63% of cases the routine follow-up after stentgraft implantation.14
Sato et al.6 reported a sensitivity and a negative pre-(in five of the eight cases). Conversely, all of the
suspected leaks on CT were detected on MRI. It is dictive value for echo-Doppler similar to those of
helical CT. The present series shows that MRI is evennoteworthy that some of these endoleaks were only
detected on the late phase CT scans.12 Contrast uptake more sensitive than helical CT in this situation. Our
study suggests that the failure of the aneurysmal sacon helical CT is less sensitive in terms of enhancement
than the hypersignal after gadolinium injection on to shrink in the initial six months should prompt the
performance of an MRI scan with gadolinium injection.MRI. Table 2 demonstrates the limitations of MRI
without gadolinium injection with a specificity on TSE If MRI suggests the presence of an endoleak, ar-
teriography can be performed.T1 weighted sequences of 33%, and on T2 weighted
sequences of 25%. The high rate of secondary en- Our approach to patient management supposes the
presence of a relationship between a change in thedoleaks (37%) in our study is probably in relation with
the high sensitivity of MRI. If we do not consider maximal anteroposterior or transverse diameter and
the presence of an endoleak.15 In the literature, type Isecondary endoleaks diagnosed by MRI alone at 6
months (n=5), the rate of secondary endoleaks would but not type II endoleaks have been associated with
an increase in the maximal transverse diameter of thebe 20% (6/30). This rate is closer to the rates of
secondary endoleaks usually observed in other studies. aneurysmal sac.16 Even though, in the present series,
the presence of an endoleak was not associated withAnother point of view is that a proportion of these
endoleaks was missed on the initial 1 month helical an increase in the maximal transverse diameter of the
sac, we suggest that when neither the anteroposteriorCT and MRI, probably related to their low intensity.
The advantages of MRI over helical CT and ar- or the transverse diameter of the sac decrease after
the index procedure, it should be assumed that theteriography include the use of gadolinium as a contrast
agent, which offers advantages in terms of nephro- aneurysmal sac is still perfused and that such patients
should be managed aggressively (embolisation).toxicity and of potential allergic reactions, as well as
the reduction in exposure to ionising radiation and Serial measures of the volume of the sac of the
aneurysm are potentially more useful than measure-the relatively non invasive nature of the examination
compared to arteriography. ment of the maximum transverse diameter alone.17
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However, such measurements are both difficult and arteriography thus limiting exposure to contrast
medium and to ionising radiation.extremely time-consuming. We opted for a com-
promise solution that involved measurement of both
the maximum anteroposterior and transverse dia-
meters.
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